Objectives. The aim of this study was to investigate whether leisure activity is associated with incident dementia in an older sample.
W
ITH increased life expectancy, the incidence of dementia diseases, among which Alzheimer's disease (AD) is the most common (Bird, 2008; Corder et al., 1993) , is increasing rapidly. According to estimates by the World Alzheimer Report (Alzheimer's Disease International, 2010), 35.6 million people currently suffer from dementia, and this number will reach 65.7 million by 2030 and escalate to 115.4 million by the year 2050. Thus, it is important to establish factors that slow, or even prevent, this disabling process in the elderly population.
Although the cause and prevention of dementia is still not fully understood, several factors appear to increase or decrease the risk of developing the disease. One factor that has been suggested to reduce the risk of AD or dementia is frequent engagement in various leisure activities. Previous studies have indicated that socially stimulating activities (e.g., Fabrigoule et al., 1995; He, Zhang, & Zhang, 2000; Saczynski et al., 2006; Wang, Karp, Winblad, & Fratiglioni, 2002; Wilson et al., 2007) and mentally stimulating activities (e.g., Karp et al., 2006; Scarmeas, Levy, Tang, Manly, & Stern, 2001; Verghese et al., 2003; Wilson et al., 2002a Wilson et al., , 2002b are associated with decreased risk of dementia.
The cognitive reserve hypothesis (Scarmeas & Stern, 2003; Stern, 2002) provides a potential account of these findings. The concept of cognitive reserve stems from observations that there is no direct relationship between the degree of brain pathology and the clinical manifestation of that damage. Two related models have been proposed: the passive model and the active model. The passive model, which is also referred as the brain reserve, presumes that individuals differ in their reserve capacity due to individual differences in the structural neural substrate (e.g., overall brain size or synapse counts). Individuals with a larger brain weight are assumed to have a greater brain reserve (due to increased number of synapses or neurons in the cortex), which allows them to compensate for age-associated decline and pathological changes associated with dementia diseases. Neuropathology occurs when a critical threshold of reserve has been reached.
The active model of the cognitive reserve focuses on individuals' ability to compensate for brain degradation. It suggests that the same degree of brain pathology will have different effect depending on the individual's amount of reserve. According to this model, environmental factors such as more frequent engagement in leisure activities can leave an individual with a larger cognitive reserve, resulting in a more efficient cognitive network. This in turn enables them to compensate for age-related cognitive decline and pathological changes such as dementia by making better use of alternate networks or recruitment of alternative brain networks (Scarmeas & Stern, 2003; Stern, 2002) .
In line with the reserve hypothesis, brain imaging and postmortem examinations show that certain individuals exhibit normal cognitive performance even in the presence of quite extensive pathological changes in structure and function (Esiri & Chance, 2012) . Further, it has been shown that even in the presence of higher levels of fibrillar brain amyloid associated with dementia, individuals with higher educational attainment function better cognitively than less educated individuals (Kemppainen et al., 2008; Roe et al., 2008) .
In regard to physical activity, cognitive and neural beneficial effects have similarly been suggested to prevent the onset of dementia (Churchill et al., 2002) , and several studies have also found an association between physical activities and dementia or AD status (Larson et al., 2006; Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001; Yoshitake et al., 1995) .
Whereas a recently published review of studies investigating the relationship between engagement in various leisure activities and dementia by Wang, Xu and Pei (2012) confirmed a relationship, in line with the aforementioned studies (see also Fratiglioni, Paillard-Borg, & Winblad, 2004; Stern & Munn, 2010) , it should be noted that there are several studies showing a lack of relationship between certain types of leisure activities and risk of dementia (Akbaraly et al., 2009; Wilson et al., 2002a) . With the mixed findings in mind, the National Institutes of Health in United States (Williams, Plassman, Burke, Holsinger, & Benjamin, 2010) stated that the evidence are insufficient to draw any firm conclusions with regard to the association between activity engagement and incident dementia and suggested that more well-designed longitudinal studies with long follow-ups are warranted.
The differences among prior studies can possibly be explained by differences in methods and study populations. In particular, the association between leisure activities and dementia can be biased by a number of confounding factors. Because participation in leisure activities may be related to a variety of other factors, for example, health-related behaviors and well-being, including depression, it is important to conduct research that controls for these factors. Further, a well-established risk factor for dementia is the presence of apolipoprotein E (APOE) epsilon4 (ɛ4) allele (Corder et al., 1993) . Carriers of one setting of ɛ4 have an increased risk of developing AD by three to four times and homozygous carriers have 10 to 12 times increased risk, compared with noncarriers (Farrer et al., 1997) . Despite its importance, however, most studies do not control for the influence of the APOE genotype when considering the relationship between leisure activities and dementia (Stern & Munn, 2010) .
Of further concern, in prior studies that used a relatively short follow-up between measurement of activity level and dementia onset, the significant relationship demonstrated between activity level and dementia possibly signal a causal influence reversed to that suggested before such that lowered activity represent early, preclinical symptoms of the disease.
With these considerations in mind, the objective of this present study was to investigate whether participation in leisure activities is related to incident dementia within a large-scale, population-based sample of older adults (≥ 65 years at baseline). To this end, the association between composite activity indexes (Total activity, Social activity, and Mental activity) and risk of incident dementia was examined. In order to take into account the influence of length of follow-up on the findings and whether reverse causation could confound the results, we further divided followup time into three time periods; 1-5, 6-10, and 11-15 years. The influences from a large variety of potential confounding factors (e.g., demographic factors, medical and health factors, and APOE genotype) were considered in the analyses.
Method

Study Population
The data were emanated from the Betula prospective cohort study (Nilsson et al. 1997 (Nilsson et al. , 2004 , an ongoing study of aging, cognition, and health that started in Umeå, Sweden, in 1988 . The participants in this study were selected from the population registry of Umeå municipality (a city in Northern Sweden with about 100,000 citizens) using stratified (age, sex) random sampling. Data have been collected for five test occasions: 1988-1990 (T1), 1993-1995 (T2), 1998-2000 (T3), 2003-2005 (T4), and 2008-2010 (T5) . On each of these occasions, the participants were invited to two sessions (1 week apart), the first focusing on health assessment and the second on assessment of cognitive functions.
In this present study, baseline data from test occasions T2-T4 were considered, as the same version of the activity questionnaire was administered on these occasions. At T2, 433 individuals in Sample 1 (65, 70, 75, 80 , 85 years at baseline) took part in the Betula assessment in addition to 397 individuals from Sample 2 (65, 70, 75, or 80 years) and 466 individuals from Sample 3 (65, 70, 75, 80, 85 years) . At T3, a further sample, Sample 4 (65, 70, 75, 80, 85, 90 years) was added (n = 254). Finally, at T4, Sample 5 (n = 262; 65, 70, 75, 80, 85, 90, 95 years) was assessed for the first time.
Participants
The number of participants aged 65 years (65 years is the normal retirement age in Sweden) or older at baseline eligible for inclusion was 1,812 participants. Participants who had not completed the questionnaire were excluded (n = 58) as were those lost at follow-up examination (n = 41; for example, those who had moved outside the catchment area). In addition, data for a few cases with dementia at time of inclusion had to be discarded (n = 19). (Retrospective analyses performed by the geriatric psychiatrist concluded that some participants were incorrectly included in the study due to ongoing process of dementia.) Finally, we excluded participants who had deceased during the first time period (n = 209) or who had been diagnosed as demented after the last follow-up examination (n = 10). Thus, data for a total of 1,475 participants were included in this present study. The mean baseline age of this group was 73.70 (standard deviation [SD] = 6.85) and included a total of 639 men and 836 women from Sample 1 (n = 314), 2 (n = 344), 3 (n = 383), 4 (n = 217), and 5 (n = 217).
The design of this study is presented in Figure 1 . As can be seen, all samples could be used to examine the association between activity and dementia 1-5 years after baseline (first time period). In a second time period, 6-10 years after baseline, data for samples 1-4 were available for this purpose, and finally, participants in samples 1-3 could be examined at a time period 11-15 years after baseline. The design could be used to examine the association between baseline activity and dementia on the basis the entire set of data (total time period). In addition, the design allowed for analyses of data for the separate time periods. Participants who were diagnosed as demented were never used as healthy controls in any of the time periods (e.g., time from baseline assessment to follow-up), whereas participants who were alive and not having dementia during a time period could serve as controls in up to three analyses.
Measures
Leisure activity questionnaire.-The questions concerned frequency of participation in 16 leisure-time activities during the last 3 months. The questionnaire was sent home to the participants about 1 week before the health assessment. Samples 1, 2, and 3 responded to the questionnaire for the first time at T2, Sample 4 at T3, and Sample 5 at T4.
For each activity, participants were requested to indicate frequency of participation on an ordinal scale including the alternatives: never (coded as 0), occasionally (1), a few times a month (2), sometime per week (3), and every day (4). To obtain a meaningful number of observations, new classification was made into never (coded as 0), occasionally or a few times a month (1), and some time per week or every day (2).
The following activities were included: ( reported to do this daily; for Watching TV/Listen to the radio, 98.3% did it every day. Due to the extreme skew, the data for these two questions were discarded from all analyses.
To avoid subjective classification of the items into mental, social, and physical indices, a questionnaire that involved a rating of each of the items along these three Figure 1 . Design of the analyses over three time periods. Those having dementia within every time period were compared with the nondemented controls.
dimensions (on a scale 1-10) was sent to a sample of participants from Sample 5 (mean age = 67 years). In total, 18 people responded. Based on these ratings, activities were categorized as predominantly "Mental activities" (Read books, Read magazines, Movies/Concerts/ Theater, Play musical instrument, Needlework, Hunting/ Fishing) or predominately "Social activities" (Travel/Trips, Restaurant visits, Spend time with family, relatives, and friends, Attending Courses/Workshops, Religious assemblies, Association work). The only activity that was rated as predominantly physical was Sports/Exercise/Walking in the forest, and therefore no index to represent a physical dimension was generated. Finally, a total activity index was computed as the sum of scores for the entire set of activities, including both Sports/Exercise/Walking in the forest and Other Hobbies/Activities. Cronbach's alpha for the Social index = .49, for the Mental index = .23 and for the Total index = .59.
Dementia.-Dementia was diagnosed in accordance with the criteria of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (American Psychiatric Association, 2000). The diagnoses were ascertained based on the prospective longitudinal measures at hand at each test occasion, including a comprehensive analysis of various general and specific health measures, results from neuropsychological testing, and clinical course. The latter is characteristic for each of the dementia disorders. The analyses were performed by a clinical and research geriatric psychiatrist covering the time period 1989-2010, and dementia status between and up to every test occasion was available on an annual basis for all participants included in the analyses. Repeated prospective and retrospective analyses were performed under the study period, and data were blindly assessed in order to increase the validity of the cognitive status.
For inclusion in the Betula study, a nondementia status was required. Testing the accuracy of diagnosing a state of progressive dementia, the data of the clinical course over the time period were essential. In 2010, the accuracy of a diagnosis of progressive dementia was determined. All participants in the Betula study, for which data on the clinical course were available, were compared with the cognitive status at inclusion, which was supposed to be a nondementia status. Improperly included participants in the Betula study at all test occasions (T1-T5) were only 19 (0.4%), showing a high validity of the present method of diagnosis.
All dementia cases (n = 357) during the follow-up were included in this present investigation. Cases of AD (n = 198), vascular dementia (n = 127), Lewy body dementia (n = 8), frontal lobe dementia (n = 3), Parkinson dementia (n = 8), and unspecified dementia, NUD (n = 13), were all categorized as having dementia (1) Potential confounders.-Potential confounders included in the analyses were age, gender, and years of education. A sum of four self-reported diseases/conditions known to be cardiovascular risk factors was also included: incidence of heart attack/cardiovascular problems (yes/no), stroke (yes/no), high blood pressure (yes/no) and diabetes (yes/ no). Moreover, smoking status (yes-currently smoking or used to almost daily/no), alcohol use (yes/no-never drank/ no-have quit), marital status (married/cohabiting, single, divorced, or widowed), general stress (yes/no), feelings of depression (yes/no), and APOE genotype were considered. All the potential confounders were measured at baseline, that is, the same time the participant answered the questionnaire about leisure activity.
APOE genotyping was performed by using polymerase chain reaction (for detailed procedure, see Nilsson et al., 2006) . The genotype distribution among the participants, that is, ɛ2/ɛ2 (n = 4), ɛ2/ ɛ3 (n = 136), ɛ2/ɛ4 (n = 25), ɛ3/ɛ3 (n = 605), ɛ3/ɛ4 (n = 232), and ɛ4/ɛ4 (n = 19), were available for 1,021 of the total sample (n = 1,475). The APOE genotype was categorized based on the presence of at least one ɛ4 allele (carriers = 251, and noncarriers = 745). The ɛ2/ɛ4 combination was not included in the analyses because it is suggested that the ɛ2 could be protective, whereas ɛ4 is a risk factor in relation to dementia (Corder et al., 1994 ).
Statistical Analysis
We tested differences in baseline characteristic for participants who remained dementia free and those who develop dementia by student's t-test for continuous variables and chi-square test for categorical variables. To examine the association between leisure activity and incident dementia, we used Cox proportional hazards regression models with dementia as dependent variable and with the following independent variables: (a) Total activity, (b) Mental, and (c) Social activities. To analyze the effects of leisure activity over time, we estimated models both for total time period and for the three time periods separately. First, analyses were adjusted for age, gender, and years of education (Model 1); second, diseases, smoking, alcohol use, marital status, general stress, and feelings of depression were added (Model 2); and third, APOE ε4 status (carrier/noncarrier) was also controlled for (model 3). Time to event was calculated as date of entry into the study to the date of dementia diagnosis, death, or date of end follow-up (2010), depending on whichever came first. The results were presented as hazard ratios (HRs) with a 95% confidence interval (CI).
All participants included in the analyses had provided information about leisure activities at baseline, but there were a few cases with partially missing data (in total, the rate of missing values was 0.9%). Under the assumption that data were missing at random, the ExpectationMaximization Method (Dempster, Laird, & Rubin, 1977) was used for imputation of data. None of the imputation generated any changes of means, and further, there was not any substantial difference regarding SD for the variables. 
Results
The dementia-free cohort at baseline included 1,475 persons aged 65 years or older. During the follow-up period, 357 incident dementia cases were identified. The mean time from baseline examination to dementia onset was 6.30 (SD = 3.55) years. Out of those who received a diagnosis of dementia, 162 persons developed dementia within the first time period (1-5 years after baseline) and 1,118 were dementia free. Over the second time period (6-10 years), additional 139 persons had developed dementia and 682 individuals were dementia free. Finally, over the third time period (11-15 years), 56 persons developed dementia and 404 remained dementia free. Participant characteristics, as a function of dementia status, are provided in Table 1 .
Participants who developed incident dementia were more often women and older, compared with those who remained dementia free. Moreover, those who did develop dementia were less often married, used less alcohol, and were more often carrier of the APOE ɛ4 allele.
Regarding the percentage of engagement in different leisure activities, Spend time with family, relatives and friends was the most common "Social activity," and 74% of the participants were engaged in this, sometime per week or every day. Among the "Mental activities," Reading magazines was the most commonly reported activity (56.9%). Many participants were also frequently engaged in Sports/Exercise/ Walking in the forest (55.0%) and Other Hobbies/Activities (41.3%), activities that were not categorized as either "Social" or "Mental." The frequencies and distribution of the individual leisure activities are provided in Table 2 .
To examine whether leisure activities was related to dementia, separate Cox regression analyses were performed first on the total sample and thereafter on each time period, separately. The results of these analyses are presented in Table 3 .
Starting with the Cox regressions of the total sample (n = 1475), the first step of the analyses (Model 1) demonstrated that only "Total activity" (HR = 0.96, 95% CI: 0.94-0.99, p = .013) was associated with dementia. When including more potential confounders (Model 2), still only the "Total activity" index was related to dementia (HR = 0.97, 95% CI: 0.94-0.99, p = .019). When the analyses were further adjusted for APOE (Model 3; n = 996), the "Total activity" index remained significant (HR = 0.96, 95% CI: 0.93-0.99, p = .019). In addition, "Social activity" (HR = 0.94, 95% CI: 0.88-1.00, p = .048) turned out as significant. Worth mentioning in this regard is that in both the first and the second step of the analyses, "Social activity" nearly reached significance (Model 1: p = .052; Model 2: p = .070)
Turning to the analyses of separate time periods, beginning with the first (1-5 years after baseline), we can see that there were associations between two of the indexes in the first step (Model 1), controlling only for age, gender, and education. For "Social activities," the HR was 0.92 (95% CI: 0.84-0.99, p = .045), and for "Total activity," the HR was 0.95 (95% CI: 0.91-0.99, p = .016), demonstrating a decreased risk of dementia associated with higher frequency 1-5 years before onset. The "Mental" index was not a significant predictor. When controlling for other potential confounders (Model 2), the analyses revealed that "Social activity" (HR = 0.90, 95% CI: 0.82-0.98, p = .014) and "Total activity" (HR = 0.95, 95% CI: 0.91-0.99, p = .016) were still significantly associated with dementia. When the analyses were further adjusted for APOE (Model 3, n = 826), "Social activity" (HR = 0.86, 95% CI: 0.77-0.96, p = .006) was still significantly associated with dementia together with higher frequency of "Total activity" (HR = 0.93, 95% CI: 0.88-0.98, p = .010).
For the second time period, none of the indexes were associated with dementia in any model. Also in the third time period, no significant relationships were observed for the three activity indexes.
Additional analyses combining the second and third time periods after baseline revealed no significant difference for indexes in any model, thus confirming that the observed association between leisure activity and dementia is present only using the shorter time frame.
Finally, to examine the possibility that the activity and dementia association were more pronounced in subgroups such as APOE carriers and AD cases, separate analyses of these groups were performed. However, the results revealed no indication of such a pattern.
Discussion
The aim of this study was to examine the association between participation in various leisure activities in old age (≥65 years) and risk of incident dementia. A significant relationship was observed for the "Total activity" and "Social activity" indexes but not for "Mental activity" in the analyses of the entire time period. In the analyses of separate time periods, significant relationships were observed only across the first time period (1-5 years after baseline). Specifically, in this time period, "Total activity" and "Social activity" were significant predictors of dementia when controlling for all confounding factors (including age, gender, education, APOE, health, and lifestyle factors) in line with the overall analyses. However, there was no evidence that leisure activities serve to protect against incident dementia over an extended time frame (6-10 years or 11-15 years) for any of the included indexes. Combining time periods two and three did not change the results. Thus, the results from this study are not in accordance with what would have been expected on the basis of an active model of the cognitive reserve hypothesis. The present demonstration of an relationship between activity level and dementia 1-5 years before dementia onset may indicate that there are short-term effects of engagement in leisure activities on risk of developing dementia, even if should be acknowledged that the effects were quite small (as indicated by the CIs). Alternatively, these effects could reflect reverse causality such that that reduced engagement in activities is an early symptom of dementia, despite a thorough screening for dementia. It is warranted to note that a considerable proportion of the evidence that late-life mental and social activities may protect against dementia was from studies involving a relatively short follow-up period (e.g., Akbaraly et al., 2009; Fabrigoule et al, 1995; Helmer et al., 1999; Wilson et al., 2002a) .
What still needs to be clarified is whether activities performed earlier in life has a more substantial impact on development of dementia. Given the pathological alterations in the hippocampus and regions nearby are present long before the diagnoses of dementia and AD (Bäckman, Jones, Berger, Laukka, & Small, 2005) , activity patterns and related neural networks that are established early in life may be of more importance to maintain cognitive health in old age. Results from animal studies indicate possible support for this, in that environmental enrichment seems to have an positive effects on regions critical to learning and memory, for example, the neocortex and hippocampus (Frick & Benoit, 2010) . However, if this can be applied to humans and serve as protection in old age is as yet uncertain, but some studies have revealed a relationship between midlife or early life activities and dementia (e.g., Andel et al., 2008; Carlson et al., 2008; Friedland et al., 2001; Fritsch, Smyth, Debanne, Petot, & Friedland, 2005; Kondo, Niino, & Shido, 1994; Rovio et al., 2005) . For example, using prospective activity data, a study of Swedish twin pairs, discordant for dementia, showed greater participation in early and middle life leisure activities to be protective of dementia and AD in later life (Crowe, Andel, Pedersen, Johansson, & Gatz, 2003) . Thus, there is some support of the hypothesis that activity level earlier in life may serve to buffer against dementia, findings that should be attended to in future studies.
Despite several strengths of this present study, including the long follow-up and control of major confounding factors, including APOE genotype, a few limitations should be acknowledged. First, we were not able to investigate the effects of longitudinal changes in activity over time in relation to dementia due to relatively low number of cases of dementia with repeated measures on the activity questionnaire. Second, we cannot rule out the possibility that more demanding activities, such as board games or those targeted by intensive training programs, might have more substantial effects. In particular, the questionnaire did not allow for examining the influence of physical activities, which would have been of interest because there are studies that have demonstrated a relation between physical activity in old age and dementia (see Abbott et al., 2004; Larson et al., 2006) . Finally, even though estimates of internal consistency as an index of reliability of activity scales may be biased toward lower values to the extent that frequent engagement in one or several activities partly restrict the time available for other activities, the low estimates observed at present, in particular for "mental activity," are of concern.
In conclusion, the results of this present study provide little support for the hypothesis that frequent engagement in leisure activities among elderly serves to protect against dementia diseases across a longer time frame. The finding of a relationship using a short follow-up period of 1-5 years after baseline could indicate short-term protective effects but could also reflect reverse causality.
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